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Abstract— The ATHENA X-ray Observatory-IXO is a planned 
multinational orbiting X-ray observatory with a focal length of 
11.5 m. ATHENA aims to perform pointed observations in an 
energy range from O.lkeV to 15keV with high sensitivity. For 
high spatial and timing resolution imaging and spectroscopic 
observations the 640 x 640 pixels^ large DePFET-technology 
based Wide field Imager (WFI) focal plane detector, providing 
a field of view of 18 arcsec will be the main detector. Based on 
the actual mechanics, thermal and shielding design we present 
estimates for the WFI cosmic ray induced background obtained 
by the use of Monte- Carlo simulations and possible background 
reduction measures. 



I. Introduction 

THE European Space Agency - ESA is currently investi- 
gating the ATHENA L-class mission for a next generation 
X-ray observatory. ATHENA is based on a simplified IXC0[1J, 
EJ design with the number of instruments and the focal 
length of the Wolter optics being reduced. One of the two 
instruments, the Wide Field Imager (WFI) is a DePFET [SJ, 
HJ based focal plane pixel detector, allowing spectroscopy 
in combination with high time and spatial resolution in the 
energy-range between 0.1 and 15 keV. In order to fulfill the 
mission goals a high sensitivity is essential, especially to 
study faint and extended sources. To achieve the required 
sensitivity a background rate of ^ 10~^ ctskev"^ cm^ s is 
required, making a detailed understanding of the detector 
background induced by cosmic ray particles crucial. During 
mission design generally extensive Monte-Carlo simulations 
are used to estimate the detector background in order to opti- 
mize shielding components and software rejection algorithms. 
The Geant4 tool-kit |5 |, |6| is frequently the tool of choice for 
this purpose. In the context of our previous work for SIMBOL- 
X Q, El, El, Ca, ini and IXO Ca, Cl, m we present 
recent results of our estimates for the ATHENA WFI cosmic 
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ray induced background, which demonstrate that DEPFET- 
technology based detectors are able to achieve the required 
sensitivity. 

II. The ATHENA WFI Geometry 

When using Monte-Carlo codes like Geant4 one usually 
has to find a compromise between the detail level of the 
detector's geometrical representation in the simulation and the 
computing time necessary to achieve the required precision. 
For the ATHENA WFI we have chosen to model components 
close to the sensitive area with greater detail as our experience 
with Simbol-X ifTSl . |[T6l and IXO missions has shown, that 
these have significant effect on the detector background. The 
model shown in Fig. [T] thus includes a detailed model of the 
detector entrance window additional integrated circuits near 
the sensitive area. The finer structures of components at larger 
distances from the sensitive area do not effect the background 
performance significantly and were therefore simplified in the 
Geant4 representation. The graded-Z shield shown in Fig. [T] is 
one of the important WFI design features required to achieve 
the envisioned low background rates. This shielding effectively 
suppresses any fluorescence lines from outer-lying materi- 
als, eliminating background emissions present in the spectra 
of previous X-ray telescopes such as XMM Newton ifTTl . 
Suzaku 1 18 1 and Chandra |19|. Not shown in the figure is the 
cold finger, the thermal coupling to the instruments cooling 
components, which will attach to the detector on the non- field 
of view side. 

III. Estimates on the Cosmic Ray Induced WFI 
Background 

Our current estimates for the ATHENA background rates 
are given in Table |I] alongside a comparison of different cold 
finger implementations and estimates previously obtained from 
IXO simulations. The rates given in the table are after pattern 
and MIfI rejection. The effect of these pattern recognition 
routines, which we use to reject e.g. tracks of MIPs is shown 
in Fig. O The high rejection rates of > 99% make an active 
shielding unnecessary. Because we do not drop the entire 
frame in which an invalid pattern occurs but only exclude 
the directly surrounding detector area these routines do not 
impose an actual "dead time" on the detector but only a 
reduction of the per frame pixel count. Translating this area 
loss into detector availability results in "dead times" of < 1%. 

^Minimum Ionizing Particle 




Fig. 1. Geometrical representation of the WFI detector used in Geant4: The left image shows a schematic of the graded-Z shielding used for ATHENA. The 
subsequent layers absorb fluorescence emission from the outer lying layers which effectively suppresses any emission lines as shown in Figure [3] The middle 
image shows a cut view of the fully pixelized DEPFET based WFI 1201 ., 1211 with shielding structures based on the former IXO model. The ceramic board 
holding the wafer is visible in green with the proposed cold finger to the left in gray. The wafer itself is too thin to be visible in this view. The surrounding 
graded-Z shielding is shown in beige. The rightmost image shows a wire-frame view as seen from the top. The pixelized wafer can be seen in the center, 
surrounded by the analogue front-end ASICs. The mounting springs are shown as annuli next to the ASICS. The large centered circular structure is the baffle 
seen from above. Primary particles originate from a spherical source 50 m in diameter within an opening angle tightly enclosing the geometry model following 
a spectral distribution based on the CREME96 model |22|. 



This is much less than what would be expected from an 
anti coincidence of similar performance as it was planned for 
SIMBOL-X a, CD. 

A further reduction of the background requires understand- 
ing how much individual particle species contribute to the 
total background spectrum. As is shown in Fig. [5] secondary 
electrons resulting from the interaction of the cosmic ray 
protons with satellite materials dominate the background by 
an order of magnitude. It is also apparent from the figure 
that the graded-Z shield is effective at suppressing all but the 
Si Kq, fluorescence emission. This is to be expected, as the Si 
emission originates from the sensor material itself and thus 
cannot be eliminated by the shielding. 

Our simulations show that the dominating source of sec- 
ondary electrons is the graded-Z shielding as is apparent from 
Fig. m which shows the particle production intensity in a 5 cm 
thick slice through the center of the detector. Eliminating 
the shielding is not an option because it is required for the 
fluorescence-free background mentioned earlier. Our current 
and upcoming work is thus concentrating on other possibilities 
of reducing the secondary electron component. 

Even without further reduction of the secondary elec- 
tron component our current estimates already show that the 
ATHENA WFI will perform better or as good as current state 
of the art detectors even if it is placed in a harsher background 
environment. Fig. [5] shows a comparison of the expected WFI 
background rate and measured dark moon background rates 
of XMM Newton and Suzaku. In contrast to the Suzaku 
measurements, which were taken in the intermediate phase 
of the solar cycle, our estimates are for the solar activity 
minimum. As minimum solar activity results in a maximum 
of the cosmic ray flux incident on the satellite we effectively 
give a worst case estimate. 
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Fig. 3. Post pattern and MIP detection energy spectrum of the total 
ATHENA WFI background (black) and its constituents: electrons (blue), 
gammas (red), alphas (orange), positrons(light blue) and protons (dashed). 
Note that secondary electrons dominate the contribution to the expected total 
background level and that the spectrum is almost free of fluorescent emission. 



IV. Conclusion and Outlook 



We have shown current estimates of the ATHENA WFI 
background rates, which are low enough for ATHENA to reach 
its mission design specifications and are better or comparable 
to present X-ray observatories. Even lower rates may be 
achievable, as additional potential for optimization exists, 
especially in the context of reducing the dominating secondary 
electron background component. Our current and future work 
will focus on these optimization possibilities. 
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Fig. 2. Left panel: Integral intensity image of the WFI background without pattern and IMIP rejection. Right panel: Integral intensity image of the WFI 
background with pattern and IVIIP rejection. 



TABLE I 

Comparison between ATHENA WFI background rates for the baseline design with two readout rate options, different cold 

FINGER CONFIGURATIONS AND TWO IXO SIMULATIONS. ALL COUNT RATES ARE GIVEN IN UNITS OF 10~^ cts kev~^ cm^ . NOTE THAT THE 
BACKGROUND FLUX GIVEN IS AFTER INVALID PATTERN REMOVAL AND IVIIP REJECTION WITH A 10 px EXCLUSION RADIUS FOR THE ATHENA AND NO 
EXCLUSION RADIUS FOR THE IXO SIMULATION. THE RELATIVE INCREASE IS GIVEN AS COMPARED TO THE ATHENA BASELINE GEOMETRY. 
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Fig. 5. Comparison between the simulated ATHENA energy spectrum (red) 
and measured XMM Newton EPIC (green), Suzaku front-illuminated (blue 
green) and Suzaku back-illuminated (light blue) spectra. 
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Fig. 4. The figure shows a sliced view of the WFI when seen from the side and highlights how much the individual detector components contribute to 
total secondary particle production per primary particle e.g. also particles not actually reaching the wafer. The gradient in the baffle is due to the plots not 
being density normalized. Clearly visible are the graded-Z shielding surrounding the wafer and for the bottom two views the cold finger just beneath it. 
Left: secondary electron production. Note that the wafer is easily visible here in red due to photoelectric and ionization processes producing electrons. Right: 
Secondary gamma production. The specific examples given are: top: baseline design without cold finger (100 x 10^ primaries) bottom: with SiC cold finger 
(25 X 10^ primaries) 
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